SUMMARY -According to present fi ndings, the impact of particular arterial pressure components on the occurrence of left ventricular hypertrophy (LVH) diff ers. We sought to determine which individual component of arterial pressure has the greatest impact on the LVH geometric pattern/degree. Th e study included 192 patients (87 men), aged 43-80 (median 68) years with hypertension and LVH. Patients were classifi ed into three groups according to type of hypertrophy (concentric, eccentric and asymmetric) and into three subgroups according to the degree of hypertrophy (mild, moderate and severe). All patients had their blood pressure measured, and they underwent electrocardiography and echocardiography. Antihypertensive drugs and the duration of previous treatments were taken into consideration. Pulse pressure was signifi cantly higher in patients with concentric LVH than in those with eccentric and asymmetric LVH (p=0.029), the values of which did not diff er statistically. It rose with LVH degree (not signifi cantly, p=0.217). Th ere were no signifi cant diff erences in systolic pressure among study groups (p=0.177). We concluded that pulse pressure had the greatest impact on the left ventricular geometry, particularly of the concentric type.
Introduction
In hypertensive patients, left ventricular hypertrophy (LVH) is a known risk factor for developing heart arrhythmia. According to present fi ndings, the impact of particular arterial pressure components on the occurrence of LVH diff ers. Pulse pressure as an indicator of stiff ness of great arteries has been emphasized as important in predicting cardiovascular risks 1, 2 . Several studies completed over the last few years have demonstrated the association between high pulse pressure and damage to target organs such as the carotids, kidneys, and heart [3] [4] [5] . All studies investigating the association between pulse pressure and left ventricular mass (LVM) have shown positive correlation between these two variables. From the pathophysiological perspective, it is important to understand whether the main determinant of higher LVM is a higher pulsatile load, expressed through pulse pressure, or a permanent load increase 6, 7 . It would seem that LVM in hypertensive patients is more closely associated with the peripheral pulse pressure and hemodynamic pulsatile load than with the mean arterial pressure and permanent load 8 . It is known that pulse pressure aff ects the occurrence of LVH but little is known of the type of LVH that is most aff ected. Few studies investigated which component of arterial pressure has the greatest impact on the formation of LVH types. Some authors found that even after a year of antihypertensive therapy, a high proportion (74%) of hypertensives of African ancestry retained residual left ventricular structural changes (predominant concentric LVH), an eff ect that was associated with 24-hour pulse pressure, but not with systolic or diastolic blood pressure or clinical blood pressure 9 . Another fi nding suggests that aortic stiff ness and greater early pulsatile hemodynamic load aff ect left ventricular concentric remodeling in a sex-specifi c manner (in women but not in men) 10 . Th e eff ect of pulse pressure on the formation of a certain LVH type requires further research, particularly in relation to systolic blood pressure. In order to better understand whether the main determinant of the type of LVH is a higher pulsatile load or permanent load increase we tried to solve the dilemma. Th e aim of this study was to determine which of the components of arterial pressure (systolic, diastolic, mean or pulse pressure) has the greatest impact on the formation of each individual LVH pattern/degree.
Patients and Methods
Th e research was approved by the Ethics Committee of School of Medicine, University of Rijeka, registration number: Class 003-07/98-01/07, N 2170-24-04-4-98-01. Upon previous patient written consent and approval of the School of Medicine Ethics Committee, patients were included in the study. Th e study was conformed to the principles outlined in the Declaration of Helsinki.
Patients
After applying strict exclusion criteria, at the outpatient department of cardiology we selected 192 patients (87 men and 105 women, aged 43 to 80 years) with essential hypertension and confi rmed diagnosis of LVH by echocardiography. Inclusion criteria were only essential hypertension and LVH confi rmed by echocardiography. Hypertensive patients were those with blood pressure ≥140/90 mm Hg, measured on six or more occasions by mercury sphygmomanometer, according to the guidelines of the European Society of Hypertension and the European Society of Cardiology 11 . Patients were previously instructed how to measure their pressure at home (three measurements per occasion, 2 min apart). Blood pressure and heart rate measured six or more times a day by the patient, general practitioner and specialist were used to calculate the mean arterial and pulse pressure. Exclusion criteria included patients with congestive heart failure, known coronary disease (angina pectoris, previous myocardial infarction, percutaneous coronary interventions), cardiac surgery, valvular diseases, other cardiac diseases (hypertrophic obstructive cardiomyopathy), diabetes mellitus, alcoholism, mental disorders, excessive use of non-antihypertensive drugs (psychiatric and rheumatology medications), malignant or accelerated hypertension, and a history of stroke in the previous six months. Patients with cancer, anemia, cardiopulmonary diseases and glomerular fi ltration rate <60 mL/ min/1.73 m 2 were also excluded from the study.
Study variables
Study variables were age, sex, systolic and diastolic pressure, mean pressure, pulse pressure, body mass index and left ventricular mass, left ventricular mass index (LVMI) adjusted for body surface area, LVM adjusted for height 2.7 (LVM/ht 2.7 ), left ventricular geometry, and LVH degree. Th e type and duration of antihypertensive therapy received by the patients before entering the study were recorded to analyze the possible eff ects on the outcome. Pulse pressure was calculated as diff erence between systolic and diastolic blood pressure. Mean pressure was calculated as diastolic pressure + pulse pressure/3.
Blood tests
Blood tests included serum lipids, glucose, urea, creatinine, potassium and sodium before food intake. Red blood count (erythrocytes, hemoglobin, hematocrit) and iron were determined to exclude anemia.
Echocardiography and electrocardiography
Patients were divided into the following three main groups with regard to LVH type: concentric (relative wall thickness >0.45 and interventricular septum/left ventricular posterior wall, IVS/LVPW <1.3), eccentric (left ventricular diameter in systoles >32 and relative wall thickness <0.45) and asymmetric (IVS/LVPW >1.3), as in a previous study 12 . Relative wall thickness was measured at end-diastole as the ratio of twice the thickness of left ventricular PW/LVIDd (left ventricular internal diastolic diameter, LVIDd) 13 . Each group was further divided into subgroups according to the degree of LVH, as follows: mild (IVS or LVPW 11-12 mm), moderate (IVS or LVPW 13-14 mm) and severe (IVS or LVPW ≥15 mm) for both sexes.
All patients underwent 12-lead electrocardiogram and M-mode two-dimensional and Doppler echocardiographic examination. In order to determine LVH, two electrocardiogram criteria were applied, i.e. the Sokolow-Lyon and the left ventricular strain criterion (>0.1 mV ST segment depression with asymmetric T wave inversion in leads V2 to V6 and either lateral or inferior peripheral leads) 14 . A qualifi ed operator performed electrocardiogram interpretation manually.
Echocardiographic measurements were performed and interpreted by three cardiologists working independently, unaware of the hypothesis of the study. M-mode imaging was performed on a 15 cm wide photosensitive paper, with a velocity of 50 mm/s, on Toshiba Corevision Pro QA apparatus, with a 2.5 MHz 16 mm probe, compliant with the guidelines 15 . LVM was divided by body surface to calculate LVMI. LVMI was calculated according to the Devereux and Reichek formula:
]--13.6)/body surface area) 16 . LVH was defi ned as LVMI greater than 134 g/m 2 for men and greater than 110 g/m 2 for women 17 . LVM/ht 2.7 >51g/m 2.7 was defi ned as LVH 18 . We also searched for correlation between systolic blood pressure (SBP), diastolic blood pressure (DBP), mean pressure and pulse pressure on one hand, and the LVH type on the other. All data were classifi ed according to the LVH degree.
Statistical data analysis
Th e data collected were statistically evaluated using the STATISTICA, version 8.0. (StatSoft, Inc., Tulsa, OK, USA) data analysis software. Continuous variables were presented by mean, standard deviation and range, and counting variables by frequency or percentage. Parametric tests (t-test or ANOVA test) were used for between-group comparisons of continuous variables. Th e frequencies were analyzed by the Yates corrected Pearson  2 -test. Coeffi cient of correlation (r) and its statistical signifi cance (p<0.05, statistically signifi cant) was determined. Correlation was considered non-existent (trivial, very weak) at r<0.20, weak at 0.20<r<0.40, good at 0.40<r<0.70, and very strong at 0.71<r<0.99. Th e level of statistical signifi cance was set at 0.05 in all analyses.
Sample size was estimated by calculation, with input parameters of p-level at 0.05, eff ect size of 0.35 and power of 0.80. 
Results
Th e sample consisted of 192 patients, 87 (45.3%) male and 105 (54.7%) female, mean age 65 years. We determined demographic and anthropometric attributes of the patients, as well as data on the duration of hypertension (Table 1) . Elderly patients were obese with long-lasting hypertension of average duration of over 15 years. On average, they suff ered from severe hypertension and high pulse pressure. Echocardiographic data on the subjects are presented in Table 2 .
Relationship between pressures and left ventricular hypertrophy
Systolic blood pressure. No diff erence was found in systolic pressure according to LVH type (Table 3) . Sys-tolic pressure was highest in cases of concentric LVH and lowest in cases of asymmetric LVH, but not significantly. Th e higher systolic pressure values in severe LVH degrees were not statistically signifi cant either.
Diastolic blood pressure. Th ere was no signifi cant diff erence in diastolic blood pressure according to either type or degree of LVH.
Mean arterial pressure. Analysis of mean arterial pressure values showed no statistically signifi cant difference according to LVH type or degree.
Pulse pressure. Pulse pressure was signifi cantly higher in concentric LVH than in eccentric and asymmetric LVH, the values of which did not diff er statistically. It increased with LVH degree but not significantly (Table 4) .
Correlation analysis among blood pressure components and left ventricular mass/relative wall thickness showed that there was no signifi cant correlation between study variables (r=0.03 for pulse pressure and LVM; and r=-0.03 for pulse pressure and relative wall thickness).
Analysis of therapy administered to diff erent groups of patients
Considering therapy, there was no signifi cant difference according to the duration (ANOVA, F=0.212, ; LVMI = left ventricular mass index; LVPW = left ventricular posterior wall; RV = right ventricle p=0.858) or type of medication between the LVHtype/degree groups. Treatment with antihypertensive therapy was also equally distributed (Pearson  2 -test) ( Table 5 ). Patients were using two or more drugs prior to the study.
Discussion

Echocardiographic measurements
Echocardiographic measurements confi rmed anthropologic diff erences between the sexes; male subjects had greater heart cavities and LVM. Upon LVM indexing according to body surface area (LVMI), these diff erences between sexes disappeared. Twenty-six percent of men and 38% of women were obese. LVM adjustment for height 2.7 yielded signifi cantly higher values in women. Th e results confi rmed the infl uence of obesity on LVM. However, this should not aff ect the objective of this study (i.e. which component of arterial pressure has the greatest impact on LVH modeling). Th e mean LVMI (and LVM/ht 2.7 index) values for the whole group and for both sexes were far above the normal values. Th is confi rmed an accurate patient selection and relevance of further analyses.
Blood pressure measurement
Blood pressure measurement within a period of several consecutive days is a better indicator of blood pressure variability than 24-hour ambulatory measurement. Systolic blood pressure of our patients slightly increased with LVH degree (but not enough to be statistically signifi cant), and it was signifi cantly higher in female than in male subjects. It would be better to interpret the fi rst result in a reverse manner, i.e. that the LVH degree proportionally increased with systolic blood pressure. It is possible that statistical signifi cance was not achieved because most patients were treated before the study, and thus the LVH degree was lower than it would have been otherwise. Nevertheless, even such a mild correlation supported the expected. Short duration of hypertension listed in Table 1 means that data were obtained from patient history (which may not be true). Despite therapy, hypertension was not well controlled in some patients. Libhaber et al. found arterial stiff ness to be associated with the LVMI and left ventricle wall thickness independently of conventional or ambulatory blood pressure and additional confounders in a never-treated population sample of 20 .
Systolic blood pressure
Systolic blood pressure did not correlate with LVH type, meaning that the myocardial remodeling type in hypertonic patients does not depend on the pressure value, but rather on other factors. Th ese are probably the mechanisms of gene regulation and level of expression, which determine the parallel or serial arrangement and replication of sarcomeres and protein synthesis via second messengers. Some authors claim that the volume overload causes asymmetric LVH 21 , and that dilated LVH occurs during the late phase of the hypertensive disease 22 .
Diastolic blood pressure and mean pressure
It seems that diastolic blood pressure has no eff ect on the LVM increase 23, 24 , which also holds true for the mean pressure.
Pulse pressure
Slight increase of pulse pressure with LVH degree was probably mediated through systolic pressure. It was signifi cantly highest in concentric LVH cases, in comparison to eccentric and asymmetric LVH. Th e fact that the same results were not obtained for systolic pressure suggests that pulse pressure has a greater eff ect on the geometry formation of the left ventricle. Pulse pressure in the aorta of >85 mm Hg can help identify a hypertonic subject with concentric LVH. An independent inverse relation between aortic size and pulse pressure in older hypertensive subjects was demonstrated 25 . Pulse pressure is considered to be an independent predicting factor of cardiovascular mortality, as well as all-cause mortality [26] [27] [28] . Increased pulse pressure correlated with LVMI in a large group of patients suff ering from non-treated essential hypertension 29 . Similar results were obtained by other authors 30 . Increased pulse pressure implied a more severe LVH, and it was a risk factor for concentric LVH in young men 23 . Unlike the approach where the authors observed the eff ect of pulse pressure on LVH where pulse pressure was a risk factor for the concentric type, we directly compared the eff ect of each component of blood pressure in the LVH pattern. We found a slight upward trend in systolic blood pressure and pulse pressure with LVH degree, but only the pulse pressure increase was signifi cantly associated with the concentric LVH type. From the pathophysiological perspective, it seems that in most cases higher pulsatile load not only aff ects the increased LVM but also the formation of concentric LVH. Th e results of a previous study 23 were obtained in young men, whereas our results are related to the elderly population of both sexes.
Isolated systolic hypertension
We analyzed a subgroup of patients with isolated systolic hypertension. Th eir number was small (n=36, 19%). Analysis showed that there was no correlation between particular types of LVH and individual components of blood pressure. Th is could be explained by a small number of subjects distributed across the groups. Th erefore, isolated systolic hypertension did not aff ect our result, or could have infl uenced it only in terms of obtaining a negative result.
Medication
In order to see whether therapy aff ects the results of the observation, we analyzed the medications applied and duration of treatment, and we concluded that there were no treatment diff erences among the groups observed. Medication could have aff ected the correlation between blood pressure and left ventricular geometry in a way to reduce the degree of LVH, but it could not (as known until now) aff ect the type of LVH. We assumed that the drugs decreased systolic blood pressure and diastolic blood pressure in the same proportion.
Study limitations. Th e limitation of the study was the relatively small number of patients. Considering the strict inclusion criteria, it was a challenge to recruit a larger group of patients with isolated septal hypertrophy. In order to obtain a comparable number of patients in each of the three groups, a smaller number of patients with concentric LVH was included than found during testing. Th is resulted in a relatively small number of subjects per group. Recruiting lasted for as long as 7 years.
With regard to the type of the study, we could not conclude that pulse pressure caused concentric LVH, although it was signifi cantly associated with this type of LVH.
Conclusion
Pulse pressure is signifi cantly higher in concentric LVH cases. It appears to be the major factor infl uencing the pattern of left ventricular remodeling, particularly in the concentric type.
